The objective of this study was to create an annotated list of textbooks dedicated to teaching the neurologic examination. Monographs focused primarily on the complete neurologic examination published prior to 1960 were reviewed. This analysis was limited to books with the word "examination" in the title, with exceptions for the texts of Robert Wartenberg and Gordon Holmes. Ten manuals met the criteria. Works dedicated primarily to the neurologic examination without a major emphasis on disease description or treatment first appeared in the early 1900s. Georg Monrad-Krohn's "Blue Book of Neurology" ("Blue Bible") was the earliest success. These treatises served the important purpose of educating trainees on proper neurologic examination technique. They could make a reputation and be profitable for the author (Monrad-Krohn), highlight how neurology was practiced at individual institutions (McKendree, DennyBrown, Holmes, DeJong, Mayo Clinic authors), and honor retiring mentors (Mayo Clinic authors).
I
n the late 1800s, Wilhelm Erb, Joseph Babinski, William Gowers, and others developed the neurologic exam as we know it today. Examination techniques were described in their articles and neurologic texts. Erb was one of the fi rst to emphasize a detailed and systematic neurologic exam (1) . Erb and Carl Westphal fi rst reported the muscle stretch refl ex in 1875, and it has been an integral part of the neurologic exam since. Babinski focused on fi nding reliable signs that could diff erentiate organic from hysterical paralysis and emphasized the exam over the history, unlike his mentor Jean-Martin Charcot (2) . Charcot, the father of French neurology, focused primarily on intense observation and "knew how to see" (3). Babinski's "toe phenomenon" (1896) is the best known of the signs separating organic from hysterical paralysis, but he also chronicled exaggerated fl exion of the forearm, combined fl exion of the thigh and trunk, and the platysma sign in patients with organic hemiplegia. Concerning Gowers, Spillane noted: Gowers mastered the use of the ophthalmoscope and the tendon hammer shortly after their introductions to medicine, publishing both an important book on medical ophthalmoscopy and an infl uential article on the muscle stretch refl exes in 1879 (5, 6) .
As knowledge of the nervous system and its diseases grew, the complexity and length of the neurologic exam increased. Authors felt the need to share their systematic approaches to the neurologic exam with students and wrote books dedicated to the topic.
METHODS
Th is study examined monographs focused primarily on the complete neurologic examination published prior to 1960. Th e review was limited to books with the word "examination" in the title, with exceptions for the texts of Robert Wartenberg and Gordon Holmes, which were included because of their historical signifi cance. Also excluded were books that did not address the majority of the neurological examination; regional diagnosis or localization treatises; works with a major focus on disease description, diagnosis, or treatment (in addition to sections on the exam); major neurology textbooks with long chapters on the neurologic exam; general examination/physical diagnosis manuals with chapters on the neurologic exam; and important articles on the exam. Ten neurologic exam textbooks met the criteria. Th ese works and their reviews were studied.
RESULTS

The Clinical Examination of the Nervous System
Georg Monrad-Krohn (1884-1964) was a Norwegian neurologist. He qualifi ed in medicine in Norway and trained in neurology at the National Hospital, Queen Square, and the Maida Vale Hospital, both in London, England. While training, he completed his thesis on the abdominal refl exes (7) and also worked out his systematic approach to the neurologic exam (espousing the tenets of the full exam, writing out the fi ndings, and proposing the location and nature of the lesion). Monrad-Krohn in Denmark (18) (19) . Th e translator, Andrew Hoisholt, hoped that "the book [would] be found useful to the American student in psychiatry, especially in connection with his work in mental clinics" (19) . Th e text included 61 pages on the examination of the psychic state and 86 pages on the somatic state. Wimmer covered the psychiatric exam more thoroughly than Monrad-Krohn did. In addition, the monograph included a scheme of examination for the neurologic patient. He commented that "the subject of simulation has deliberately been omitted. . . . Compendious references to 'unmasking tricks' can do mischief in the hands of a 'nonspecialist'" (19) . One reviewer noted that Wimmer's contribution was "a useful, short and convenient précis of case examination methods for the psychoses, psychoneuroses, and in part for sensorimotor disturbances" (20) . Another stated that "hitherto there has been no equivalent for it in English, and thanks are due Dr. Hoisholt for making it available" (21).
Neurological Examination: An Exposition of Tests with Interpretation of Signs and Symptoms
Charles Th e method of examination which is described and elaborated is that which has been in use for several years in the Department of Neurology, College of Physicians and Surgeons, Columbia University, and in the Vanderbilt Clinic. It is also employed in routine examinations at the Neurological Institute, New York City (22) .
McKendree nicely outlined 24 abnormal associated movements in the text, which was a more thorough review than early editions of Monrad-Krohn's book. He also showed pictures of a myosthenometer (for muscle power), refl ex liminometer (for strength of stimulus applied to the tendon, and refl ex threshold), thermophore (for heat sensation), and kinetometer (for position sense), but did not recommend these exam tools for routine use. Th e book included an examination form from the Neurological Institute of New York (copyrighted 1925) for recording the history and exam in an organized fashion, with refl exes graded from 0 to 5. Th is form was adapted from a Vanderbilt Clinic (affi liated with Columbia University) neurological examination sheet copyrighted in 1919 (23) .
One reviewer commented that "the book is concise and well written. . . . Although not the best of its scope, it may be used to advantage by students" (24), and another that "while the description of the methods of examination for the neurologic status is satisfactory . . . that for the mental status comprises only eleven pages which might better have been omitted" (25) .
published Den Kliniske Undersokelse av Nervesystemet in Oslo in 1914 and returned to Norway in 1917. In 1920, a London publishing house asked him to translate his abdominal refl exes thesis into English, but he refused and instead off ered his manuscript of Clinical Examination of the Nervous System, which was published in 1921 (8) . Th is was an original work in English, not just a translation from the Norwegian. MonradKrohn called it an enlarged edition of his Norwegian book in the preface. Th e guiding motto of the monograph was a quote from Claude Bernard: "Recueillir les faits et ne s'asteindre à les interpréter qu'ensuite est la condition indispensable pour arriver à la vérité" [Collect the facts and force oneself to explain them only then, is the necessary condition for reaching the truth] (8, 9) .
Th e exam book was popular, and in the US it became known as the "Blue Bible" (10) . Macdonald Critchley wrote: "Like every British neurologist of my generation, I had studied with approval his Blue Book of Neurology, as Norwegian students called it. . . . It ran to 12 editions and many re-writings, and had been translated into several languages" (11) . Per Critchley, the text was a bestseller for the publisher H. K. Lewis (11) .
Compston wrote in 2009:
His book introduced many components of the examination that survive. Th ere is the recall of prime ministers, recitation of serial digits forwards and in reverse, interpretation of proverbs, mental arithmetic on mythical shopping trips, tongue twisters such as West Register Street and the British Constitution, and sensory examination-preferably spread over two days (12) .
Th e manual included a section on simulation (malingering). Monrad-Krohn recommended the following:
If the patient pretends not to be able to move a leg or an arm, one lifts it passively for him, and asks him to let it sink very slowly 'in order to avoid hurting it.' Many patients give themselves away by this test. If the patient lets the limb sink slowly, it cannot be paralyzed; it would then fall down unless there be pronounced rigidity (8) .
Th e third edition added a scheme for the routine neurologic exam and was likely the fi rst to use ++/++++ to denote a refl ex of average strength (13, 14) .
A reviewer of the 1921 fi rst edition opined that "if a few thousand practitioners and a few hundred young neurologists of this country would commit its contents to memory, the American neurological level would rise like the Wissahickon in a spring freshet" (15) . Another stated that "the outline is suffi ciently brief to be practical and suffi ciently detailed to save the search of numerous volumes for methods" (16) . One critic commented, anachronistically, that the 1964 fi nal edition was quaint, outmoded, out of style, and ineffi cient, giving as evidence the recommendation to use a lamp or candle for the pupillary light response (17) .
Psychiatric-Neurologic Examination Methods
August Wimmer (1872-1937) was a Danish psychiatrist and neurologist. He wrote two tomes on epidemic encephalitis. Wimmer helped found clinical psychiatry as a scientifi c discipline (27) , after releasing a book in 1922 on functional nervous disorders (28) . Core nicely outlined a plan for the routine examination of the nervous system, emphasizing the motor and sensory systems, cranial nerves, speech, and mental state. Th is monograph did not make much of an impact, possibly because it was narrowly focused on "medical students . . . in particular, for those who have not completed their training in neurology" (27) . One reviewer remarked that "this book is of service to students particularly in their junior year" (29) , while another was more critical:
When a neurologist includes in his book a chapter of some 20 pages on mental states we ought not, perhaps, to be too critical as to his terminology. . . . Nevertheless we must point out that in such expressions as "Delusions may be auditory, visual, or olfactory," . . . "hallucinations" are referred to and not "delusions" (30) .
Introduction to Clinical Neurology
Gordon Holmes (1876-1965) went to medical school in Ireland and then spent 2 years doing research with Edinger and Weigert in Frankfurt. He completed his neurology training at the National Hospital, Queen Square, and eventually became physician and director of research there. Holmes was consultant to the British Expeditionary Force in World War I, editor of the journal Brain, and knighted in 1951. He felt that "the elicitation of scientifi c data at the bedside required a discipline of method as rigid as that of the laboratory" (31) and was known for his remarkable bedside teaching ability and examination skills (32) (33) (34) (35) . Critchley noted:
He could coax physical signs out of a patient like Paganini on the violin. Perhaps it is still not generally realized that every neurologist alive today-wherever he worksis unconsciously utilising the routine clinical examination propagated, perfected, and perpetuated by Gordon Holmes (36) .
Residents at National Hospital stated that if personally affl icted with a nervous disorder, they would have Kinnier Wilson take the history, Gordon Holmes carry out the clinical examination, Collier make the diagnosis, and Risien Russell advise treatment (37) . McHenry wrote:
Th e neurological examination as we know it today was conceived during the thirty years between 1870 and 1900 and elaborated into its present form by the clinical neurologists of the fi rst half of this century, particularly Gordon Holmes (1946) (1) .
Th e 1946 noted by McHenry referred to Holmes' book
Introduction to Clinical Neurology, which was published in 1946 (38) . Th e text's aim was "to discuss the nature and the signifi cance of the symptoms and abnormal signs which a patient with a nervous disorder may present or which may be revealed by clinical examination" (38) . In the work he distilled the essence of his teaching at the National Hospital. He hoped the book would be useful to students and "also recall to some of my former helpers and to visitors to the wards our clinical rounds and discussions" (38) . Holmes included a scheme for routine exam of neurologic patients in the appendix. Holmes' routine exam is essentially the one taught to trainees today by the author. Th e monograph discussed cranial nerves II, III, IV, VI, and VIII in detail, but the others were relatively neglected (39) . It is a classic text that went through three editions, the last being revised by Bryan Matthews in 1968 (40) . A reviewer in 1946 opined that "no student of neurology will have completed his training or his library who fails to read this book" (41) .
Handbook of Neurological Examination and Case Recording
Derek Denny-Brown (1901-1980) went to medical school in New Zealand, did research with Sherrington at Oxford, and then completed neurology training at the National Hospital and Guy's Hospital in London. He subsequently worked at the National Hospital and St. Bartholomew's. He next moved to America and became director of the Neurological Unit at Boston City Hospital and James Jackson Putnam Professor of Neurology at Harvard. By the late 1960s, the Neurological Unit had trained 22 of the chairmen of neurology departments in North America (42) . Denny-Brown later became president of the American Neurological Association.
He published Handbook of Neurological Examination and Case Recording in 1946 (43) . Th is small wire-bound booklet was fi rst issued in March 1942 in a private printing for the Neurological Unit, and Raymond Adams and Harry Kozol advised the author on its content (43) . Concerning the case history, Denny-Brown commented:
Only constant practice brings facility in description, conciseness with relevant detail. Phrases such as 'tends to' or 'is suggestive of ' should be avoided. An ounce of fact is worth ten of guessing (43) .
He also wisely noted that "patients often describe in great detail the numerous doctors they have seen, the hospitals they have attended, and what was said or done to them, without mentioning what was happening to their pain or other complaint in this period, and only repeated questions . . . will elicit this more essential information" (43). Denny-Brown described a general approach or scheme for the routine neurologic exam, which is very similar to the neurologic examination taught today, perhaps refl ecting his training by Gordon Holmes (44) . He strongly felt that "the only absolute refl ex sign is the plantar response. . . . Briskness or sluggishness of tendon jerks, or abdominal refl exes, is only of signifi cance in relation to other evidence or when one-sided" (43) .
Th e handbook went through three editions. A reviewer of the fi rst edition stated that "these outlines can hardly replace chapters in standard textbooks available to all students, residents, and physicians, for they are sketchy and lack the usual tables and illustrations" (45) . Th is was a harsh review, as the handbook was designed to be "small enough to fi t into the pocket of a ward jacket" and dealt "with the basic facts of clinical examination and initial approaches to patient problems" (42) .
The Neurologic Examination
Russell DeJong (1907-1990) went to medical school and completed his neurology training at the University of Michigan. He became chairman of the Department of Neurology at his alma mater, was one of the founding members of the American Academy of Neurology, and was the original editor of the journal Neurology. He was president of the American Board of Psychiatry and Neurology and the American Neurological Association (33) .
He published the massive 1079-page The Neurologic Examination in 1950 (46) . Th e book was "designed to present, in some detail, the information necessary for a complete neurologic examination" (46) and followed the lectures on the neurologic exam given to students at the University of Michigan Medical School. In contrast to prior works on the subject, neuroanatomy and neurophysiology were covered thoroughly. DeJong noted that "the chief causes for incorrect diagnoses are insuffi cient examination, inaccurate observations, and, less commonly, false conclusions from correct and suffi cient facts" (46) . He recommended that the sensory exam "should always be repeated at least once to confi rm the fi ndings" and that "since the presence of hair or of hyperhidrosis may interfere with the accuracy of the [sensory] tests, it may be wise to shave or dry the part to be examined" (46) . Th e work was extensively referenced and contained a detailed chapter on the exam of patients with hysteria or malingering, unlike prior exam monographs. He preferred to use the term "hysterical dysbasia" over "astasia-abasia" for the gait disturbance seen in patients with hysteria. His was among the fi rst treatises to include a separate detailed chapter on the clinical examination of coma (47) . Th e name of the book was changed to DeJong's Th e Neurologic Examination with the 1992 fi fth edition ( revised minimally by Armin Haerer) (48) . Th e sixth and seventh editions were revised by William Campbell (49, 50) . A book reviewer noted that the work "refl ects a long, careful preparation by a thoughtful author" and that "if there is any criticism to be leveled, it is that perhaps the volume is too encyclopedic for the average student to use as a textbook. . . . However, as a reference book, as a book for establishing lines for investigation, as a source of material for teachers of neurology, it has no peer" (51) .
Diagnostic Tests in Neurology: A Selection for Office Use
Robert Wartenberg (1887 Wartenberg ( -1956 ) was a neurologist, book reviewer/critic, and editor. He trained and worked in Germany, was subsequently a refugee from Nazism, and became clinical professor of neurology at the University of California, San Francisco. Wartenberg was an outstanding teacher who despised mediocrity. He was a thorough book reviewer, and authors would send manuscripts to him before being sent to press to avoid a later rapping over the knuckles (52, 53) . His review of Alpers' Clinical Neurology advised:
Th ere is only one therapy: the book should be withdrawn from the market, ground into pulp, re-written and carefully edited. Th en-and only then-will it be a valuable addition to neurological literature (54).
Alpers' textbook of neurology went through six editions, with the last being published in 1971 (55) .
Wartenberg published Diagnostic Tests in Neurology: A Selection for Offi ce Use in 1953 (56) . Th e "tests" were neurologic exam maneuvers that could be easily applied in the offi ce or at the bedside. Th e tests were arranged in the following order: cranial nerves, peripheral nerves, pyramidal system, extra pyramidal system, cerebellar system, sensory system, and vasomotor-trophic system. Mental status testing was not discussed in detail. Th e audience was said to be general practitioners, although Gordon Holmes clarifi ed in the foreword that the book was useful for neurologists as well. Wartenberg avoided eponyms and supplanted them with physiologic terms (facial nerve tapping test instead of Chvostek's sign, thumb bending test instead of Froment's sign). He noted:
It is well-nigh impossible to attribute a scientifi c discovery to a single person. It is rare that single eponyms are historically correct. Th e disavowal of eponyms may discourage the overambitious from mass production of unnecessary signs and refl exes. . . . A fi tting physiological name for a test tells more than any proper name can. We need more physiology and fewer eponyms, more understanding of neurology and less memorizing of proper names (56) .
Th e text was unique in that it had two indexes: a general one and one based on the morbid condition with its associated bedside tests. Th e monograph was translated into several languages and went through three editions in German (and one in English). A reviewer commented that "whether such a disconnected presentation of a group of signs and tests is of value each reader must determine for himself," and that "although the author has recognized that many so-called pyramidal signs are associated with lesions of the extrapyramidal system, he seems to have promoted this confusion rather than clarifi ed it" (57) .
Examination of the Nervous System: A Student's Guide
A. Th eodore Steegmann (1902 Steegmann ( -1992 completed his neurology residency at Cleveland City Hospital (Ohio), a clinical clerkship at the National Hospital, Queen Square, and neuropathology research with Walther Spielmeyer in Munich, Germany (58) . He eventually became professor of medicine (neurology) and chair of the Section of Neurology in the Department of Internal Medicine at the University of Kansas. In 1956 he published Examination of the Nervous System: A Student's Guide, which was aimed at medical students, "whose curiosity and questions have taught me more neurology than I have taught them" (59) . Th e book was a practical guide for the beginner, "small enough so that it can be carried on the hospital wards in the pocket of the student's jacket" (59) . Steegmann thanked Robert Wartenberg for reading the manuscript carefully before it was published and recommended Wartenberg's Diagnostic Tests in Neurology for those wanting more detailed information on the neurologic exam (59) . Th e book included an examination form for recording the exam in an organized fashion, with refl exes graded from 0 to 5. Th ere were also separate muscle strength (graded 0 to 5) and sensory forms. Steegmann included a short section on examination of the comatose patient. Th e fi rst edition of the book did not cover language or memory testing, but later editions did (59, 60) . One reviewer noted that "this is a handy, compact book of 164 pages, which includes a clear explanation of the necessary techniques for bedside examination of some of the functions of the central nervous system," and added that "one could quarrel over making a statement for student consumption that a complete social history is not necessary for most neurological patients" (61) .
Clinical Examinations in Neurology
Clinical Examinations in Neurology was published in 1956 by members of the Sections of Neurology and Physiology at the Mayo Clinic in Rochester, Minnesota (62) . Th e book was dedicated to Henry Woltman and Fred Moersch (the second and third neurologists in the history of the institution) on their retirements. In addition to honoring Woltman and Moersch, the work was meant to guide the trainees in neurology at the Mayo Clinic, "to facilitate their mastery of the clinical neurologic examination" (62) . Th e authors noted that "since our practice is a group practice, data regarding examination must be recorded in a form intelligible to others in the group. Neurologic record forms have been in use at the Mayo Clinic for approximately 30 years" (62) . Forms for quantitatively detailing neurologic fi ndings were included in a pocket attached to the rear pastedown of the book. Th e pocket contained a sensory chart, a muscle chart, a single history/exam sheet (Figure) , and a triplefolded sheet for documenting a more comprehensive history and exam. Th e monograph included dedicated chapters on the electroencephalogram and electromyography/nerve conduction studies. Th e chin-chest maneuver to identify nerve root pain was described in this text. Some have referred to the chin-chest maneuver as the "Mayo Clinic sign" (63) , although this term has never been used at the institution. Passive fl exion of the head on the chest is employed when checking for Brudzinski's neck sign (46, 56, 64) . Wartenberg described this maneuver as the head bending test in 1953 (56) .
A reviewer commented that "the well-known Mayo Clinic system of quantitative recording of fi ndings is clearly expounded" and that "especially noteworthy are the admirably restrained and strictly factual chapters on electroencephalography and electromyography that off er the clinician exactly what he needs to know and, without the extravagance observed in some quarters, set these valuable techniques in their proper places" (65) . Th e reviewer also felt that "the discussion of sensory functions [was] less than sophisticated" and made note of "only six minor biographical references" (65) .
DISCUSSION
Th e gross anatomical structure of the nervous system was well established by 1850, and scientifi c clinical neurophysiology emerged over the next 50 years (39). Neurologic examination fi ndings help localize a lesion through an understanding of this anatomy and clinical neurophysiology. Th e history of the neurologic exam is therefore a consequence of the history of neuroanatomy and clinical neurophysiology (39) .
Th ere was an exponential expansion of knowledge in the anatomy, physiology, pathology, and clinical aspects of the neurosciences in the 1800s (66) . Th is expansion was refl ected in comprehensive neurology reference books in the late 1800s (39) . Several general neurology textbooks in the late 1800s included chapters or sections on the neurologic examination (Gowers, Oppenheim, Mills, among others) (67) (68) (69) . Charles Mills' 1898 work, Th e Nervous System and Its Diseases, was called the "fi rst thorough review of the neurologic examination to appear in textbook form" (66) . Being focused on the whole of neurology, these tomes also described disease diagnosis and therapy. In comparison, books dedicated primarily to the neurologic examination without a major emphasis on disease description or treatment did not appear until the early 1900s (Table) . Th e audiences of these monographs included medical students, residents, nonneurology practitioners of medicine, and neurologic specialists. Th e books all explained how to evaluate cerebral, cranial nerve, motor, sensory, and cerebellar/gait function, in varying degrees of detail (3). Th ese volumes helped establish a uniform approach to patients with neurologic disease (39) . Modifi cations in the routine neurologic examination were indicative of cultural, university, or regional allegiances, but the core exam was similar (3) .
Most of the texts were small in size (octavo or duodecimo), with the exception of DeJong's book (quarto, 1079 pages). Monrad-Krohn's "Blue Book of Neurology"/"Blue Bible" was the earliest success and went through the most editions. Th e Wartenberg and Monrad-Krohn volumes were translated into the most languages. Th e McKendree, Steegmann, and Mayo monographs included neurologic exam blanks/sheets/forms. Th ese works served the important purpose of educating trainees on proper neurologic examination technique and how it related to neurologic anatomy and physiology (70) . Th ey could make a reputation and be profi table for the author (Monrad-Krohn), highlight how neurology was practiced at individual institutions (McKendree, Denny-Brown, Holmes, DeJong, Mayo), and honor retiring mentors (Mayo).
Modern neurology examination monographs (by Campbell, Biller et al., Fuller, and Lewis, among others) are similar in organization to their predecessors (50, (71) (72) (73) . According to Amazon Best Sellers Rank (accessed December 7, 2014), the current best-selling neurologic examination book is Th e FourMinute Neurologic Exam by Goldberg (74) . It is considerably shorter that its forebears (54 pages), is written for nonneurologists with limited time, and "is not a substitute for the more formal neurologic evaluation that should follow . . . when the screening exam reveals signifi cant fi ndings" (74) . Gordon Holmes would not have been satisfied with this book, as "he examined every patient from top to toe, taking no short cuts . . . even a Parkinsonian was subjected to the most rigorous sensory testing, though the diagnosis had been obvious to him right from the start" (36) . Holmes noted in 1936:
Th e more common causes of . . . errors are inaccuracy or incompleteness of observation. Th is is particularly liable to occur in the ordinary examination of patients, in which facts that seem insignifi cant are neglected, or the student may see only that for which he looks, or routine may blunt the keenness of observation (75).
